This study aimed to assess the difference in blood pressure readings between the standard and large cuff and to determine if such a difference applies over a range of arm circumferences (ACs) in pregnancy. We measured blood pressure on 219 antenatal women. Six blood pressure readings were taken, three with a standard 'adult' and three with a 'large' cuff, in random order. A random zero sphygmomanometer was used by a trained observer. Women with an AC .33 cm were similar in age, gestational age and parity but were heavier and had more hypertension than those with AC 33 cm. There was a systematic difference between the standard and large cuff of 5-7 mmHg with little effect due to AC. We were unable to demonstrate an association between the standard and large cuff blood pressure difference and increasing blood pressure. Our study has shown that both systolic and diastolic blood pressure measurements are more dependent on the cuff size used than AC and for the individual it is difficult to predict the magnitude of effect the different cuff sizes will have on blood pressure measurements. This study has shown the presence of an average difference in blood pressure measurement between standard and large cuffs in pregnancy, and does not support the arbitrary 33 cm 'cut-off' recommended in guidelines for the use of a large cuff in pregnancy.
INTRODUCTION
Hypertension is the most common medical disorder in pregnancy, affecting 10-12% of all pregnancies. 1 It is associated with significant maternal and fetal morbidity and mortality. The diagnosis of hypertension in pregnancy requires a systolic blood pressure (SBP) !140 mmHg and/or diastolic blood pressure (DBP) !90 mmHg over several readings. Complications of hypertension in pregnancy still account for an estimated 50,000 maternal deaths annually worldwide. 2 It is therefore imperative that blood pressure measurement be accurate.
The Australasian Society for the Study of Hypertension in Pregnancy has published a consensus statement for the management of hypertension in pregnancy, including recommendations on blood pressure measurement. 3 It is recommended that the patient be seated, with feet supported, for 2-3 minutes before blood pressure is measured. Blood pressure should be taken on both arms at the first antenatal visit. The right arm should be used thereafter if there is no significant difference between the arms. When measuring blood pressure, SBP should be palpated at the brachial artery before inflating the cuff to 20 mmHg above the recorded level. The cuff should then be deflated slowly. DBP is recorded as Korotkoff phase V (K5) and if K5 is not present, can be recorded as Korotkoff phase IV (K4). A standard cuff should be used for arms with a circumference of 33 cm while the large cuff (15 Â 33 cm bladder) should be used for arms with a circumference of .33 cm. The mercury sphygmomanometer remains the 'gold standard' for blood pressure measurement in pregnancy.
Some aspects of these guidelines are well supported by evidence. For example, the use of K5 has been found to be closer to the true intra-arterial diastolic pressure than K4. 4 In comparison to K5, K4 has also been shown to be more difficult to detect, with a poorer reproducibility and a greater observer error. 5 -8 Measurement of blood pressure in the sitting position or left lateral recumbency (on the left arm) rather than the supine position is also evidenced based. 9, 10 Other aspects of blood pressure measurement in pregnancy remain in question. Ambulatory blood pressure monitoring has not yet been recommended for use in routine clinical practice. 11 -13 Similarly, the use of automated devices for clinical management in pregnant women is not yet recommended. 11 The use of a large cuff on a large arm is recommended in both non-pregnant and pregnant individuals. 14 However, in the non-pregnant population, there is no evidence-based consensus on the appropriate arm size on which a large cuff should be used. Despite the recommendations in national and international guidelines, there have been no studies to date directly comparing blood pressure measured by the standard and large cuffs in pregnancy. 3 
AIMS AND HYPOTHESIS
The aims of this study were (1) to assess the difference in blood pressure readings obtained using the standard and large blood pressure cuffs, (2) to determine if such a difference applies over a range of arm circumferences (ACs) in pregnancy, and (3) to determine the AC at which the use of a large cuff is indicated. We hypothesized on the basis of the above recommendations that the standard cuff in pregnant women with an AC .33 cm would result in the overestimation of blood pressure compared with that obtained with a large cuff, and that this overestimation would be greater than that found in women with an AC 33 cm. 
MATERIALS AND METHODS

Participants
Procedure
Women were approached by the researcher at random. Verbal consent was obtained before the woman was asked to read the information statement, which explained the study in detail. Written consent was then obtained from the patient. The mid-AC (midpoint between the acromion and olecranon) was firstly measured using a tape measure to the nearest 0.5 cm. Blood pressure was measured with the woman comfortably seated, on the right arm, with the lower end of the cuff 2.5 cm above the antecubital fossa. The SBP was initially determined by palpation and then by auscultation using a Hawksley random zero sphygmomanometer. The Korotkoff sounds were auscultated with the cuff deflated by approximately 2 mmHg per second. SBP was recorded as K1. The DBP was recorded as the K5 sound. The average blood pressure from each patient was obtained from three consecutive readings at 2 -3-minute intervals using the standard and the large cuffs. Each woman had six blood pressure measurements. The order of cuff size used first was assigned randomly using sealed opaque envelopes, which had been prepared prior to the commencement of the study. Hence, 110 women had three blood pressure measurements taken with a standard cuff first, followed by three measurements with a large cuff. The other 110 women had their blood pressure measured in the reverse order. Patient information regarding current and previous pregnancy was also recorded.
Equipment
Blood pressure was measured by the first author of this study who has completed the British Hypertension Society Blood Pressure Measurement tutorial regarding accurate blood pressure measurement. A quality stethoscope (Littman Cardiology III) with clean, well-fitted earpieces was used. The Hawksley random zero sphygmomanometer (Hawksley and Sons Ltd, Sussex, UK) was used to exclude number preference and was calibrated and serviced prior to commencement of the study. The two cuffs used in this study were the standard (12 Â 23 cm) and large (16 Â 34 cm) cuffs. A measuring tape was used to measure the patient's AC.
Statistical analysis
The difference between standard and large cuff measurement (standard minus large) is referred to as DBP. We used the Lillifor's test to determine whether the clinical characteristics for the subjects were normally distributed. Student's t-test was used for data that were normally distributed continuous variables while the chi-squared test was used for categorised data. For analysing the relationship between DBP across the range of ACs, a regression analysis of the scatterplot was used. The agreement between readings with the standard and large cuff was assessed using methods described by Bland and Altman. 15, 16 Variations of standard compared with large cuff measurements were expressed as 95% confidence intervals. Data analyses were performed using Systat v.10 and Microsoft Excel.
RESULTS
Baseline characteristics
We recruited 220 pregnant women in this study. One was excluded because of technical difficulties in blood pressure measurement (inability to auscultate Korotkoff sounds, AC ¼ 38.5 cm).
The characteristics of the 219 subjects used in the data analysis are presented in Table 1 . Women with AC .33 cm were similar in age, gestational age and parity but were heavier and had more hypertension than those with AC 33 cm. ) show DBP between the standard and large cuff measurements for SBP and DBP, respectively. These graphs show a statistically significant but clinically weak relationship between AC and DBP for both SBP and DBP. Although DBP increases as AC increases, only 2-4% of the increment can be accounted for by AC. The mean DBP (SD) for SBP and DBP was 6 + 6 and 6 + 5 mmHg, respectively. The proportion of blood pressure measurements wherein DBP readings were positive or negative are shown in Table 2 for both SBP and DBP. In 87% of the women, SBP readings obtained with the standard cuff were equal to or higher than that of the large cuff. Similarly, 92% of DBP readings with the standard cuff were equal to or higher than that of the large cuff. Table 3 shows the percentage of readings falling into the hypertensive range in subjects with small (AC 33 cm) and large (AC .33 cm) arms when measured by the standard or large cuff in this study. Compared with a large cuff, a standard cuff will diagnose hypertension in an extra 5% of women with AC 33 cm and an extra 7% of women with AC .33 cm. Hypertension was diagnosed more often with a standard cuff but also more often in women with AC .33 cm regardless of the cuff size. Figures 2 and 3 show the Bland-Altman plots of DSBP and DDBP readings in subjects with AC 33 cm, and in those with AC .33 cm. These plots show that there is no relationship between the difference in blood pressure obtained by the standard and large cuff with increasing blood pressure. The discrepancy between readings obtained with a standard and large cuff was consistent across a blood pressure range in most pregnant women. This difference was weakly related to AC but not related to the blood pressure itself. The sole exception to this finding is seen in Figure 3 (b), which shows that as average DBP rises, the discrepancy in readings between standard and large cuffs becomes less.
Blood pressure
The mean difference in blood pressure obtained using the standard and large cuff for AC 33 cm was 5 + 6/5 + 5 mmHg and that for AC .33 cm was 7 + 6/7 + 6 mmHg (not significant). In other words, there was a mean difference of only 2 mmHg between the blood pressure differences obtained in women with small and large arms, a difference well within the error of measurement of blood pressure.
There was no statistically significant difference in the number of blood pressure readings that ended in 0, 2, 4, 6 or 8. 
DISCUSSION
Accurate blood pressure measurement is of paramount importance in the management of hypertension in pregnancy. Contrary to popular belief and most international recommendations, our study has shown that SBP and DBP readings are probably more dependent on the cuff size used than on which cuff is chosen for which AC, i.e. a larger cuff will lead to a lower blood pressure reading of about 25 mmHg overall, whereas a larger arm will only lead to a þ2 mmHg difference overall. Although the difference between the standard and large cuff increased as AC increased, there was no discrete cut-off point at which this occurred (see Figure 1 ) and the relationship was very weak. Therefore, this study does not support a particular AC at which a large cuff should be used. There appears to be a consistent overestimation on average of between 5 and 7 mmHg, enough to affect the diagnosis of hypertension. These data show that 5-7% of women would not qualify for a diagnosis of hypertension using the large cuff on the day of their participation. From the Bland-Altman plots, we also found that there is a mean systematic difference between the standard and large cuff of approximately 5 mmHg regardless of the AC for both SBP and DBP. This error is minimally affected by rising blood pressure, although we have not yet studied women with more severe hypertension. It is important to note from the Bland-Altman plots that for individuals it is difficult to predict what effect the different cuff sizes will have on blood pressure measurements, regardless of AC.
Similar results have been reported in the non-pregnant population. Croft and Cruickshank found that the means of standard cuff measurements were higher than that of the large cuff for both SBP and DBP. They also found that DBP increased with AC but this increment was not significant over the range of ACs. 17 Likewise, Simpson and colleagues found that using wider and longer bladders in comparison to narrower and shorter ones resulted in lower blood pressure readings. Nevertheless, this difference was not affected by the size of the arm. 14 Bakx and colleagues found that there is an increase in SBP and DBP with increasing AC but blood pressure differences between the different cuff sizes were not significant. Their study included 130 male and female subjects, 39% of whom had AC .35 cm. The design of their study was similar to ours. The authors found a mean differences of only 2.1 mmHg systolic and 1.6 mmHg diastolic when they compared blood pressure readings obtained from cuffs of 23 cm and 36 cm in length, less than the 5-7 mmHg difference we found in pregnant women. They concluded that cuff size is of minor importance in blood pressure measurement in comparison with other factors. 18 Other studies have also demonstrated a relatively small effect of cuff size on blood pressure measurement, in particular when using the large cuff on a small arm. One study comparing intra-arterial blood pressure with auscultatory measurements found that long bladdered cuffs did not underestimate intra-arterial pressure in subjects with normal sized arms. 19 Similarly, Croft and Cruickshank found that there was no overall difference between DBP measurements using the standard (12 Â 23 cm) and large (15 Â 33 cm) cuffs in patients with AC 30 cm. The dimensions of the standard and large cuffs used in that study were similar to those used in the present study. 17 Consistent with the findings of these studies, Linfors et al. 20 found that blood pressure was independent of the cuff size in subjects with an AC , 35 cm.
Blood pressure in our study was carefully measured by a trained observer using a random zero sphygmomanometer. Our findings show that in most, but not all, cases there was a systematic error between the standard and large cuff for both SBP and DBP.
Despite the ongoing debate concerning the importance of cuff size in blood pressure measurement, there has been a longstanding consensus that a short and narrow cuff results in the overestimation of blood pressure whereas a long and wide cuff results in the underestimation of blood pressure. 21 -24 The use of a different equipment (blood pressure measuring device, cuff size and type), position of subject, Korotkoff sound used in determining DBP as well as the possibility of the occurrence of white coat hypertension has made it difficult to compare the studies. We have attempted to reduce the 'white-coat effect' by performing multiple measurements and using the mean of three readings. Digit preference and observer bias was excluded as best as possible in our study by the use of a random zero sphygmomanometer.
One study on 196 primigravidas showed that failure to use an appropriate cuff size overestimated the diagnosis of pregnancyinduced hypertension fourfold. 25 This trend, though not the extent, is consistent with our results wherein using a standard cuff in women with large arms resulted in the diagnosis of hypertension in 25% in comparison to 18% with the large cuff. Similarly, hypertension was underdiagnosed by 5% when a large instead of a standard cuff was used in subjects with small arms. The clinical significance of these effects are unknown, as our study was cross sectional and a longitudinal study examining pregnancy outcomes would be required to answer this question. 
LIMITATIONS
There are some limitations of this study. First, the accuracy of the Hawksley random zero sphygmomanometer has been questioned as it has been found that its use resulted in the underestimation of both SBP and DBP when the readings were compared with those obtained with the standard mercury sphygmomanometer. 26, 27 Nevertheless, the use of the Hawksley random zero sphygmomanometer is substantiated in this study as the difference in blood pressure readings in relation to cuff sizes was tested, as opposed to the exact reading itself. It has been shown that the random zero sphygmomanometer does not have adverse effects on the results obtained from studies which aim to improve protocols for blood pressure measurement. 28 We have assumed in this study that there is no significant discrepancy between direct (intra-arterial) and indirect (mercury sphygmomanometry) blood pressures. A study by Brown et al. 4 on pregnant women showed that auscultatory sphygmomanometry underestimated SBP by 11 mmHg and overestimated DBP, defined as K5, by 4 mmHg. Although there may be significant differences in readings obtained from direct and indirect measurements, it is not appropriate to routinely measure blood pressures using the intra-arterial method, and this is not clinically relevant.
Further limitations of this study are the smaller number of subjects with an AC .33 cm or severe hypertension. However, our results suggest that it is unlikely that larger numbers of subjects would allow us to determine a single 'cut-off' AC to be defined for the use of a large cuff.
Further study is needed in deciding whether cuff size plays an important role in the measurement of blood pressure in pregnancy. Comparing readings obtained with intra-arterial and auscultatory methods when using the standard and large cuffs would be the only way to identify the accuracy of cuff size in blood pressure measurement in pregnancy. However, even this study may prove of limited use if there is a continued move away from mercury sphygmomanometry and perhaps a study comparing cuff size using automated blood pressures with intra-arterial readings will one day be necessary.
CONCLUSION
This study has shown the presence of an average difference in blood pressure measurement between standard and large cuffs in pregnancy, and does not support the 33 cm 'cut-off' recommended in guidelines for the use of a large cuff in pregnancy. Whether all pregnant women should have blood pressure measured by a standard cuff (in order to optimize sensitivity of diagnosis of hypertension) or a large cuff (which will lead to underestimation of the incidence of hypertension in pregnancy) requires further study.
